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ABSTRACT. The implications of low-level lead exposure
for children’s intellectual and academic performance at
school age are uncertain. This issue was investigated in
a prospective study of middle-class and upper-middle-
class children with low lifetime exposures to lead. A
battery of neuropsychological tests was administered at
age 10 years to 148 children whose lead exposure and
cognitive function had been previously assessed at ages
6, 12, 18, 24, and 57 months. Primary endpoints were
Wechsler Intelligence Scale for Children-Revised
(WISC-R) and the Kaufman Test of Educational Achieve-
ment (K-TEA). Higher levels of blood lead at age 24
months, but not at other ages, were significantly associ-
ated with lower global scores on both the WISC-R and
the K-TEA after adjustment for potential confounders.
Over the range of approximately 0 to 25 ug/dL, a 0.48-
umol/L (10 ug/dl) increase in blood lead at 24 months
was associated with a 5.8-point decline in WISC-R Full-
Scale 1Q (95% oconfidence interval: 1.7 to 9.9, P = .007)
and an 8.9-point decline in K-TEA Battery Composite
score {95% confidence interval: 4.2 to 13.6, P = .0003).
Mean blood lead level at age 24 months was 0.31 umol/L
(6.5 ug/dL; SD: 4.9, 90% percentile: 12.5). Slightly elevated
blood lead levels around the age of 24 months are asso-
ciated with intellectual and academic performance defi-
cits at age 10 years. Pediatrics 1992;90:855-861; lead, in-
telligence, achievement, neuropsychological toxicology,
environmental epidemiology.

ABBREVIATIONS. WISC-R, Wechsler Intelligence Scaie for Chil-
dren-Revised; K-TEA, Kaufman Test of Educational Achievernent-
Brief Form; HOME, Home Observanon for Measurement of the
Environment: GCL General Cogninve Index; pb24, 24-month
blood lead level Cl. confidence interval.

Lead poisoning is considered the most important
pediatric environmental health problem in the United
States.! Blood lead levels in the range of 0.48 to 0.97
umol/L (10 to 20 ug/dL) have been linked to a variety
of adverse health effects’ and serve as reference
points for recent revisions in the screening and treat-
ment protocols recommended by the Centers for Dis-
ease Control.' The long-term implications of expo-
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sures producing blood lead levels in this range remain
uncertain, however. In primates, early e\po<ure~ pro-
ducing peak blood lead levels of 1 21 umol: I_ {25 uye

dLy and steadv-state levels of 0 63 ymol 'L (13 pz dy
imparr performance up to 10 vears later on a varnety
of cogmme tasks.’ Some ongoing prospective stud-

ies,** but not all,*” report cognitive dehcits at pre-

school age among children with similar early expo-
sures. The results of another studv are mined” No
prospective study has vet reported to what extent anv
early deficits persist to school age. We report here on
the association between earlv lead exposure and chil-
dren’s intellectual functioning and academic achieve-
ment at age 10 vears.

METHODS
Sample

infants born at the Bngham and Women's Hospital {Boston
MA) between August 1979 and Apnl 1981 were provisionaliv
eligible it the umbilical cord blood lead level was below the 1(th
percentile (<0 15 umol/L or 3 ug/dL). approuimately at the 3Cth
percentile (031 umol/L or 65 ugs/dL). or greater than the 30th
percentile (20 48 umol/Lor 10 ug/dL) ("low " "'medium " and “high’
prenatal exposure. respectivelv) Other eligitility cniteria included
{1) absence of medical condihons associated vith developmentai
handicap. (2) English as the first language. (3) residence in the
Boston area (<19 xm trom The Children s Hospital but not in
certain public housing projects), and (4) maternai consent to be
contacted.® A total of 249 :nfants were enrolled Postnatal blood
lead levels and development were assessed at ages 6, 12, 18 24
and 37 months. The base population for the 10-vear follow-up
assessment was the 169 children from the ongmnal sample who
were tested at age 57 months.” Assessments were completed on
148 children (87 6% of those considered eligable; 59 4% ot the
ongnal cohort). Nine families refused or repeatedly failed to keep
appointments (5.3%), 4 had moved from the area (2.4%), and 8
could not be located {4.7%) The cohort generallv consisted of
white, intact famihes vnth college-educated parents and relativelv
high-functioning children with low hfetime exposures to lead
(Table 1). Compared with eligible farmilies that did not parhaipate
in the 10-vear assessment, parhcipants tended to be of relatvely
hugher socioeconomic status and to provide shghtly more optimal
developmental environments for their children.

Neuropsychological Assessment

The children were administered a battery of tests by a psvchol-
ogist (K M S.) who was “blind” to all aspects of a child’s develop-
mental and lead exposure histones. In most cases, testing was
conducted at The Children’s Hospital (Boston) in a single session
lasting appromimately 3 hours A second session was required (o
complete the testing of two children, and seven children were
tested in their homes The mean age (SD. range) of the children at
testing was 9 vears 9 months (41 davs. 9 vears 7 months to I
vears I munths)
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Chaldren's Full-Scale 1Q scores on the Wechsler Inteiingen..
Scale for Children-Revised (WISC-RY* and Batterv Composite
scores on the Kaufman Test of Educational Achievement-Brief Form
(K-TEA) " are considered the pnmarv endeuints. The other tests ;n
the battery are considered secondary endramnts. which mav shed
iight on the bases for anv exposure-related performance ditferences
on the WISC-R or K-TEA. Analvses of these secondary endpuoints
wiii be presented in a separate report

Measurement of Potential Confounders

Parents completed several questionna:res. medical and educa-
tional history of the child, family structure and sociodemographic
charactenistics, Familv  Adaptability and Coheston Evaiuanon
Scales.”” Social Readjustment Rating Scale.'” Parenting Stress in-
dex,”” Children's Life Events Inventory-Revised (modified).”” and
Social Support Network.” Based on a bnef interview with the
parent. the psvchologist completed Scales V (Provision for Active
Sumulatien}and VI (Family Participation in Developmentally Stim-
ulating Expeniences) of the Home Observation for Measurement of
the Environment (HOME) Inventorv (Elementary).'' Informaticn
about many other potential confounders was available in records
from previous assessments (eg, maternal IQ. birth weight. HOME
scores).

Blood Sampling and Analysis

A Children’s Hospital phlebotomist drew 3-mL vencus blood
samples trom 116 children on the day of testing. Samples were not
obtained from 32 children because of refusal or because the as-
sessment was conducted at home. A portion of each sample was
sent to the Clinical Laboratories of the Children’s Hospital for
serum femtin measurement by an immunoenzymatic assay using
monoclonal antibodies. The remainder of the sample was sent to
ESA Laboratories (Bedford, MA), where blood lead concentration
was measured in duplicate using graphite furnace atomic absorp-
tion spectrophotometry with Zeeman Background correction using
a Hitachi model Z-9000.* Qualitv control samples (low and high
bench samples and low and high blind samples provided by the
Centers tor Disease Control) were included among sample batches
to monitor performance of the analvtical system.

Mean blood lead level was 0.14 umol/L (2.9 wg/dL, SD: 2.4.
range: 0.5 to 16). Seven additional measures of the children’s lead
exposure were available: blood lead levels at birth (cord blood), 6.
12, 18, 24, and 57 months, and for 78 children, tooth lead level.
Due to the limited data available, no analvses involving tooth lead
level are reported. The median correlation among the various blood
lead levels was 0.24 (range 0.66 to 0.02).

TABLE 1. Characteristics of Families Participating in 10-Year
Assessment
Famuly social class,* % class 1 58.1
Maternal education, % college gradu- 64.9
ate
Paternal education, % college gradu- 66.2
ate
Maternal 1Qt 125.0(15.7)%
HOMEZ total (57 mo) 51.4(3.7%
Sex, % male 50.7
Race, % white 9.6
Birth order, < firstbomn 56.1
Life events§ 123.2(107.7)%
General Cognitive Index} (57 mo) 116.0 (14.9)%
Blood lead history, ug/dL
57 mo 6.3(3.8)%
24 mo 6.5 (4.9
18 mo 78(5.70
12 mo 7.7 (6.5
6 mo 6.7 (7.0
Cord blood. %210 ug/dL 286

* Hollingshead Four-Factor Index of Social Class.

t Peabody Picture Vocabulary Test.'

t Home Observation for Measurement of the Environment.'
§ Social Readjustment Rating Scale. '

I McCarthv Scales of Children’s Abilities.!

¥ Mean (SD)
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Statistical Methods

The assoctatior between children’s lead exposure and ther
neuropsveholugical performance was evaluated by muitiple rezres-
sion_adjusung for potennal confounders Because the correlates of
a child s blood lead level may change over hme. a separate con-
founder selection process was carried cut for each age at which
Pivwd tead iev e was measured. As the endpoint of highest pneny
WISC-R Fuli-Scaie 1Q scure was used to identify correlates of test
furtormance

The srocess by which covanates were selected for inclusien in
the regression models was based on a combmation ot empincal
and subject matter conaiderations. The pnmary goal was to inciude
the vanables necessary to obtain an unbiased estimate of the
assaciation betw een lead exposure and performance. Following the
recommendation ot Dales and Lryv*' and Mickey and Creenland, ™
we considered vanables associated with both Full-Scale 1Q and a
particular blood lead measurement at a P value of 23 or less to be
potential confounders The secondary goal was to increase the
precaision of the esimate. To this end. we also included factors
generally acknowledged to be important antecedents or correlates
of cogmitive development but which did not necessarily meet the
empincal cntena tur a confounder’ (eg, maternal 1Q. birth order,
sen). The result was a unique set of 8 to 13 vanables for each of
the seven blood lead measurements. For a given blood lead meas-
urement, the model derived for Full-Scale IQ was emploved in the
analyses of other endpoints.

To assess the impact of confounder selection strategy. additional
rexression analvses were conducted. :ncluding as confounders fac-
tors selected using a change-in-estimate criterion.’* ie, variables
whose addition to the bivanate regression of Full-Scale (Q on iead
produced more than a 10 change in the lead coefficient.

Coefficients associated with postnatal blood lead levels represent
the estimated change in outcome score (eg, 1Q) for each increase of
005 umol/L (1 ug/dL) in blood lead level. Umbilical cord bicod
lead level was fitted as two indicator variables representing mem-
bership in the ‘low” and ‘medium” exposure groups. Coefficients
represent the estimated differences between the scores of children
in these groups and children in the “high” exposure group.

The sensitivity of the models was evaluated in several wavs.
Standard regression diagnostics were used to identifv influential
observations.”® and models were refitted, deleting observations
with large residuals or with large impact on either the regression
coefficients or fitted values. Vanous model reduction strategies
were explored. including stepwise backward elimination and all
subsets (optimal) regression. Model specification was evaluated by
examining the impact of including additional variables: terms rep-
resenting a child’s average blood lead level across various age
intervals; maximum blood lead level in the first vear. the second
vear, or over the course of the studyv; interaction terms combining
blood lead level and each of the other predictors; measures of
marital and maternal psvchiatric factors; serum ferritin level; and
General Cognitive Index (GCI) score achieved at age 57 months on
the McCarthy Scales of Children’s Abilities.*

All analysis were carried out using PC-SAS.?* All P values are
two-tailed.

RESULTS

Overall Performance

Children’s WISC-R and K-TEA scores were ap-
proximately 1 SD above the population average.
Mean (SD, range) Full-Scale, Verbal, and Perform-
ance IQ scores were 119.1 (14.8, 71 to 147), 118.1
(14.9, 67 to 146), and 115.9 (14.2, 78 to 146), respec-
tively. Mean (SD, range) Battery Composite, Mathe-
matics Composite, Reading Composite, and Spelling
scores were 118.8 (16.3, 69 to 160), 122.1 (18.7, 70 to
160), 117.0 (14.0, 71 to 140), and 113.5 (17.1, 68 to
153), respectively.

Wechsler Intelligence Scale for Children-Revised

Crude Analyses. All postnatal blood lead levels were
inverselv associated with Full-Scale 1Q measured at
10 vears of age, although only the associations in-




volving blood lead levels at age 10 vears, 57 months,
and 24 months were statisticallv significant (Table 2).
This was also true for both Verbal and Performance
IQ scores.

Adrusted Analyscs. Adjustment for confoundifag res!
duced the magnitude of the coelficients assdiciated.

with all blood lead levels. The coefficient assdciated
with 24-month blood lead level(pb34) remained sig-
niticant (Table 2). The decline in children’s Full-Scale
1Q corresponds to 5.8 points per (.48 umol/L (10 ug/
dL) increase in pb24 (95 confidence interval {CI]:
1.7 t0 9.9 points). Adding pb24 tu the covariate model
accounted for an additivnal 3.2% of the variance in
Full-Scale IQ scores. The partial regression residual
plot indicated that this association was linear across
the range of pb24 levels in this cohort. Adjusted mean
Full-Scale 1Q scores are shown for children in pb24
categories corresponding to 0.24-gmol/L (5-ug/dL)
increments (Figure).

months and 10 vears were greater (although less
precise) than the coefficient associated with el
alone (=082, SE = 0.28, P = 004 and =0 50, 5F =
0 34. P = 013, respectivelv, vs —0.58, SE=0.21. P
007). The timing of exposure appeared to be more
mpunant than magnitude alone. No index of a child's
maximum blood lead level during vanous age inter-
f “ierond vear, or lifetime) was signifi-
cantly assocnated ‘with Full-Scale 1Q (cvefficients of
-0.13, =0.35; —0.20, respectively).

At the 57-month assessment, higher 1e\ els of pb24
were associated with lower GCl scores.” To evaluate
whether the association between pb24 and 10-vear
Full-Scale IQ was due simply to the hlgh correlation
between GCI and IQ in this cohort (r = .71), IQ was
adjusted for GE€I ih addition to the other 11 variables.
The pb24 coefficient in this model was =0.42 (SE =
A7, P = .018).

The sensitivity analvses indicated that the associa-

tion between pb24 and Full-Scale IQ was robust to

Coefficients associated with a child's average blood
different specifications of the model. to different

lead level between 24 and 57 months or between 24

TABLE 2.  Regression Coefficients Associated With Blood Lead Levels and Children's Wechsler
Intelligence Scale for Children-Revised 1Q Scores at 10 Years of Age.

Blood Lead Crude: Adjustedt
; Measurement Full-Scale I1Q Full-Scale 1Q Verbal 1Q Performance 1Q
) 0y -1.53(056)¢ ~0.46 (0.52) -0.59 (0.53) -0.17 (0.55)
.00 38 .27 .76
57 mo -090(0.33) -0.26 (0.29) -0.07 (0.30) -0.44 (0.31)
.008 37 .80 16
24 mo ~0.71 (0.25) -0.58 (0.21) -0.63(0.22 -0.39 (0.23)
: .005 ) 007 .004
. 18 mo -0.28 (0.21) -0.12 (0.18) -0.20(0.19) -0. 00 (0 20)
| 20 53 30
\ 12 mo -0.20(0.19) -0.00 (0.16) -0.13(0.16) 0. 14 (0 17)
1 .28 99 42
6 mo -0.20 (0.18) =0.13(0.15) =0.24 (0.16) 0.03 (0 16)
i .29 .39 14 .83
1]
] Cord
: Lowl| -1.29 (3.03) -0.48 (2.65) -098(2.69) - 0.23(2.83)
! Med® ~  -132(3.01) -255(256)  —3.31(2.61) -1.21(2.74)
i .86= 57 43 85
; * Age at which blood lead level was measured.
' t Variables included in models:
i 10 years: HOME120 (sum of Scales V and VI of the Home Observation for Measurement of the
- Environment at age 10 vears), family stress, child stress, maternal age. race (white/nonwhite), birth

weight, maternal 1Q, number of day-care situations through 57 months, HOMES?7 (total score at 57
months), socioeconomic status (SES), sex, birth order (first. second. third or later), marital status
(married/not married)

57 months: HOME120, family stress, child stress, race, maternal 1Q, HOMES?, SES, sex, birth order,
marital status

24 months: HOME120, child stress, maternal age. race, maternal 1Q, HOMES?, SES, sex, birth order,
marital status, number of residence changes prior to age 57 months

18 months: HOME120, family stress, child stress, maternal age, race, matemnal {Q, HOMES7, SES, sex,
birth order, marital status, number of residence changes prior to age 57 months

12 months: HOME120, child stress, race, maternal 1Q, HOMES?7, SES, sex, birth order, marital status.
family balance (Family Adaptabitity and Cohesion Evaluation Scales-I[l), parent’s sense of competence
6 months: HOME120, child stress, race, miternal 1Q, HOMES?, SES, sex, birth order. marital status
Cord blood: child stress, maternal age, maternai 1Q, HOMES7, SES, sex. birth order. number of residence
changes prior to age 57 months, race.

1 Regression coefficient (SE), representing the estimated change in score associated with each 0.48-
umol/L (1-ug/dL) increase in blood lead level.

§ Two-sided P value associated with the hypothesis that the coefficient is zero.

I Coefficient (SE) associated with membership in the “low” cord blood lead group (<3 ug/dL); reference
group is children in the “high” cord blood lead group.

§ Coefficient (SE) assuciated with membership in the “medium” cord blood lead group (6 to 7 ug/dL):
reference group is children in the “high” cord blood lead group.

# Two-sided P value associated with the hypothesis that there are no differences among the scores of
children n the three cord blood lead groups.

ARTICLES 857




———

125
O WSC-A Fui scae ©
3 -1 -
o 120} @ K-TEA Banery Comoose
[
[]
O
g 115
]
2 1104
h"]
<
T o108t
&
0

0-49 5.09.9 10.0-149 215.0

Blood Lead Level at 24 Months of Age
(ugrat)

Figure. Mean (£ SE) adjusted Wechsler Intelligence Scale for
Children-Revised (WISC-R) Full-Scale IQ scores and Kaufman Test
of Educational Achievement-Brief Form (K-TEA) Battervy Compos-
ite scores for children classified by blood lead concentration at age
24 months (pb24). Scores are adjusted for Home Observation for
Measurement of the Environment (HOME) score at 10 vears (Scales
V and V1), total HOME score at 37 months, child stress. maternal
age. race. matemnal IQ, sociveconomic status, sex, birth order.
maternal martial status, and number of family residence changes
pnor to age 57 months. The number of observations bv pb24
stratum are 58 (57 for K-TEA score), 47, 18, and 10 for 0 to 4.9,
5.0t099.10.0to 149, and 215 ug/dL. respectively.

model reduction or confounder selection strategies,
and to the deletion of influential observations. In
most analyses, the change in the pb24 coefficient was
less than 15%. The largest change was a 40% reduc-
tion (—0.58 to —0.34) when observations with large
impact on fitted values were deleted.

Pb24 was also significantly associated at P < .05
with Verbal IQ and five WISC-R subtest scores (Arith-
metic, Comprehension, Similarities, Picture Comple-
tion, Block Design) and at P < .10 with two others
(Vocabulary, Digit Span). It was not significantly as-
sociated with Performance [Q. Children with pb24
levels greater than 10 ug/dL were less likely than
children with lower levels to have Verbal IQs that
were significantlv higher (= 12 points) than their
Performance 1Qs.* No distinct pattern of relative
strengths and weaknesses was apparent in subtest
scores, however, nor was the amount of scatter in
subtest scores (defined as the number of subtest scores
deviating from the overall mean subtest score by at
least 1 SD)* associated with pb24.

Kaufman Test of Educational Achievement

Crude Analyses. Blood lead levels measured at ages
10 years, 24, 18, and 12 months were significantly
related to children’s Battery Composite scores (Table
3). Each of these blood lead levels was also signifi-
cantly associated with one or more of the subtest
scores (data not shown).

Adjusted Analyses. Only blood lead levels at 24
months of age were significantly associated with ad-
justed K-TEA scores. Battery Composite score de-
clined 8.9 points for each 0.48-umol/L (10-ug/dL)
increase in pb24 (95% CI: 4.2 to 13.6) (Table 3)
(Figure). Including Full-Scale 1Q in the model reduced
but did not eliminate the association (coefficient =
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—~31: SE = 0.20, P = .013). Exposure-related de-
creases were also noted in Spelling scores (93% CI:
4.2 to 153 points per 0.48-umol/L increase) and
Mathematics Composite scores (95% CL: 3.4 to 14.8
points per 0.48-umol/L increase). Pb24 was more
stronglv associated with performance on the more
advanced Concepts/Applications items (coefficient =
—.24, SE = 08, P = .004) than on the Computation
items (coefficient = —.08, SE = .03, P = .099).

DISCUSSION

The most striking finding in this long-term follow-
up study is the continued presence at age 10 vears of
an association noted at age 5 vears between a child’s
blood lead level at 24 months of age and cognitive
function. Terms integrating blood lead level over var-
ious intervals beginning at 24 months of age were
also associated with children’s performance. These
associations were evident in broad-based assessments
of both intelligence and academic achievement. Be-
cause the association between pb24 and IQ was ap-
parent even with adjustment for GCI scores achieved
at 57 months, the underlying process may involve
more than simple persistence of the performance
deficits noted at that time. One possibility is that lead
exposure around the age of 24 months has adverse
impact on cognition that is not vet fully expressed at
age 5 vears. A second possibility, not supported by
additional analyses, is that different subsets of chil-
dren were responsible for the associations at the two
ages. A third possibility is that this is a measurement
artifact stemming from differences in the functional
domains assessed by the WISC-R and the McCarthy
Scales of Children’s Abilities. The associations be-
tween pb24 and K-TEA scores were still evident after
we adjusted for IQ, suggesting that lead-sensitive
behavioral or neuropsvchological factors not reflected
in WISC-R 1Q scores may contribute to reduced per-
formance on academic tasks.

At 24 months of age, children in this cohort had a
mean blood lead level of less than 0.34 umol/L (7 ug/
dL), 90% had levels below 0.63 gmol/L (13 ug/dL),
and all had levels below 1.21 umol/L (25 ug/dL). The
exposure-related performance differences are approx-
imately twice the size of that observed at 57 months,
corresponding to declines of 5.8 and 8.9 points in
Full-Scale IQ and K-TEA Battery Composite scores,
respectively, for each 0.48-umol/L (10-ug/dL) in-
crease in pb24. To provide a context for evaluating
the relative importance of lead as a predictor of 1Q,
children whose mothers achieved IQ scores in the top
quartile (in this cohort) had IQ scores that averaged
13.4 points higher than those of children whose
mothers’ 1Q scores were in the bottom quartile. IQ
scores of firstborn children averaged 9.0 points higher
than those of children born third or later.

Children’s performance was much more strongly
associated with pb24 than with blood lead levels at
other ages. It is unclear whether this reflects a special
vulnerability of the nervous system during this
period®” or simply the fact that blood lead level tends
to peak in the second vear.**® Our finding that pb24
was more predictive of performance than was maxi-




TABLE 3. Regression Coefficients Associated With Blood Lead Levels and-Chidren's Kaufman
Test of Educational Achievement-Bnief Form Scores at 10 Years of Age
Blood Lead Crude: Adjustedt
Measurement Cg;t;:zw Battery Mathematcs Reading Spelling
Composite Composite Composite
oy -143(063)3 —044(06l) —-046(0.71) =0.71(054) —0.24(0.73)
028§ 47 52 19 T4
37 mo ~080(037) =0.16(0.34 0.00 (041) =0.15(031) -035(0.41)
033 64 .99 ok 40
24 mo -109(027) =-0890.24) -091(0.29) -038(0.21) —097(0.28)
.0001 .0003 002 078 0008
18 mo -047(0.24) -0.28(0.21) -0.31(0.25) 008(0.19) —0.44(0.25)
050 19 22 65 077
12 mo -0.50(0.21) -0.34(0.19) -0.40(0.23) 0.08(.17) -0.41(022)
018 076 .083 65 067
6 mo -0.14(0.21) -0.00(0.18) -0.11(0.22) 0.02 (0.16) 0.09 (0.21)
.50 99 .61 89 67
Cord
Low| -043(3.32) 076 (3.06) -0.88(3.62) -0.35(2.69) 1.72(3.58)
Med! 0.65(3.36) ~-155(299) =-216(355 -3.34(2.64) -0.44(351)
95# 74 83 .38 81

* Age at which blood lead level was measured.

+ Adjustment made for the same variables listed in footnote t of Table 2.
1 Regression coefficient (SE), representing the estimated change in score associated with each 0.48-

umol/L (1-ug/dL) increase in blood lead level.

§ Two-sided P value associated with the hypothesis that the coefficient is zero.
|| Coefficient (SE) associated with membership in the “low” cord blgod lead group: reference group is

children in the *high” cord blood lead group.

1 Coefficient (SE) associated with membership in the “medium® cord blood lead group: reference group

is children in the “high” cord blood lead group.

# Two-sided P value associated with the hypothesis that there are no differences among the scores of

children in the three cord blood lead groups.

mum blood lead level supports the hypothesis of an
age- specific vulnerability.

Alternatively, the apparent importance of pb24 as
a predictor may be due to methodological factors such
as differences in the power of hypothesis tests involv-
ing blood lead levels measured at different ages. The
extremely low levels, restricted range, and smaller
number of 10-vear blood lead values reduced the
likelihood of finding an association between current
exposure and performance. Analyses involving all
other postnatal blood lead levels had about 80%
power to detect roughly the same effect size (P =
.065 to .073 in Cohen'’s*® terminology). Other consid-
erations are relevant to this issue, however. The coef-
ficient of variation was substantially greater for pb24
than pb57 (75.0 vs 60.4), suggesting that a greater
proportion of the observed variation in pb24 than
pb57 reflects differences in children’s exposures
rather than analytical variation, which was relatively
constant over time. Moreover, unlike blood lead levels
at 57 months and 10 years, pb24 was not strongly
associated with sociodemographic characteristics and
psvchosocial environment.” Nevertheless, our find-
ing that, after adjustment for confounding, only blood
lead level measured at 24 months was significantly
associated with children’s function should be inter-
preted cautiously until confirmed by other studies,

The association was robust to changes in analytical
strategy and model composition. Although we cannot
exclude the possibility that confounding by some
unmeasured or inadequately measured variables pro-
duced a spurious association, the estimated decline in

children’s scores with increasing pb24 was relatively
unaffected by adjustment for a variety of factors
germane to the psvchological, emotional, and intel-
lectual climate within a family. Nevertheless, meas-
ures of such factors are fallible. To the extent that
these factors are true confounders and the instru-
ments failed to measure them accurately, our adjust-
ment for confounding bias is incomplete.

Another factor to be weighed in evaluating these
results is the possibility of bias in terms of the children
available for follow-up. The key issue is whether the
associations we observed between lead exposure and
development among participants are similar to those
we would have observed had we been able to eval-
uate the entire cohort. We determined that the esti-
mated associations noted at earlier assessments be-
tween cord blood lead level and Mental Development
Index Scores at 6, 12, 18, and 24 months of age were
comparable among children who participated in the
10-year follow-up and those who did not. The degree
of similarity in the relationship between pb24 and
GCl scores at 57 months is more uncertain because
of the relatively small number of children lost to
follow-up between 57 months and 10 years. Although
the coefficients for participants and nonparticipants
were not significantly different, the association be-
tween pb24 and performance at 10 years mayv have
been somewhat diminished had we achieved 100%
follow-up. .

Analyses of WISC-R subtest scores indicated that
pb24 was most strongly related to children’s scores
on verbally mediated tasks. In contrast, at age 57
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months pb24 was more stronglv associated with non-
verbal skills. Verbal deficits among children with
higher pb24 levels mayv not have been apparent at 37
months because of the relative insensitivity of the
language assessments available for evaluating chil-
dren at that age, greater compensatory effects of
environmental stimulation on language performance
at vounger ages, or both. Alternatively, a common
underlving neurological substrate (eg, attention, state)
that affects performance on psvchometric tests mav
be expressed differently over time. This hyvpothesis is
speculative, although, other follow-up studies have
reported that the behavioral and developmental cor-
relates of earlv biological insult may change over
time. >

There is little evidence that lead exposure has a
distinctive “behavioral signature.” Measures of lead
exposure have been significantly related to both Ver-
bal and Performance 1Q.* only Verbal 1Q,*"% only
Performance 1Q,*-** or neither.**~** Findings are also
inconsistent with respect to lead and academic
achievement.?*33%3!4' The explanation for this is not
clear, although differences in study power may be
contributory.*® In addition, the manner in which tox-
icity is expressed may depend on a number of factors,
including the timing and level of exposure, its chro-
nicitv, and other aspects of a child’s developmental
context.'® Retrospective and cross-sectional studies
provide only limited opportunities to discern associ-
ations between specific characteristics of exposure
history and neuropsychological outcome.

At present, other prospective studies provide only
partial support for our findings.**% It is unclear
whether this reflects instabilitv of the association
between lead exposure and development, methodo-
logical differences among studies, or both. The co-
horts being followed differ substantially in terms of
exposure characteristics. On the basis of toxicokinetic
principles, different patterns of associations between
exposure and function should be expected.*® Func-
tional deficits have consistently been noted at lower
blood lead levels in our cohort than in the others. We
attribute this, at least in part, to the low background
risk of intellectual handicap in this cohort relative to
others.** Most US lead studies focus on poor inner-
city children for whom lead exposure is only one of
many developmental risk factors. The high socioeco-
nomic standing of our cohort may have provided us
greater opportunity to perceive lead-related variance
in cognitive function. It may also restrict the poma-
tion to which our findings may be generalized. Early
insults tend to be expressed more severely among
populations at high socioeconomic risk.*® The associ-
ations we observed may underestimate those that,
with adequate control of confounding, would be ob-
served in a group more representative of children
with higher levels of lead exposure.

In summary, this follow-up study of socioeconom-
ically advantaged children with relatively low lifetime
exposures to lead suggests that slight elevations of
blood Iead at around the age of 2 years are associated,
without an apparent threshold, with significant dec-
rements in intellectual and academic performance at
10 vears of age.
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FAT FACTS

McDonald’s merits praise for introducing a lower-fat version of its large ham-
burger. But by promoting its new “McLean Deluxe” as “91% fat free,” it reinforces
the trend of using misleading fat-free claims.

Such claims, expressing fat content as a percentage of weight, are a powerful
selling tool in a health-conscious market. But much of the weight may be water, so
the implication that a product is low in fat can be deceptive. The McLean’s 9 percent
fat content, for example, though only about half that of standard burgers, still packs
10 grams of fat—five times the FDA definition of low fat.

McDonald’s is hardly the only offender. Misleading percentage claims are a
marketing ploy for fat-laden products ranging from frozen sausages and french
fries to ice cream. The FDA could help consumers by immediately calling for a
moratorium on such claims, even while the agency prepares new restrictions to
carry out last year's Federal nutrition labeling reform.

Fat facts. The New York Times. April 23, 1991.
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